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ABSTRACT
We have obtained 12CO(1–0) data of the nearby barred spiral galaxy M83 from Atacama Large
Millimeter/submillimeter Array and Nobeyama 45m observations. By combining these two data sets,
the total CO flux has been recovered, and a high angular resolution (2′′ corresponding to ∼ 40 pc at
the distance of M83) has been achieved. The field of view is 3′ corresponding to ∼ 3.4 kpc and covers
the galactic center, bar, and spiral arm regions. In order to investigate how these galactic structures
affect gas properties, we have created a probability distribution function (PDF) of the CO integrated
intensity (ICO), peak temperature, and velocity dispersion for a region with each structure. We find
that the ICO PDF for the bar shows a bright-end tail while that for the arm does not. Since the star
formation efficiency is lower in the bar, this difference in PDF shape is contrary to the trend in Milky
Way studies where the bright-end tail is found for star-forming molecular clouds. While the peak
temperature PDFs are similar for bar and arm regions, velocity dispersion in bar is systematically
larger than in arm. This large velocity dispersion is likely a major cause of the bright-end tail and of
suppressed star formation. We also investigate an effect of stellar feedback to PDF profiles and find
that the different ICO PDFs between bar and arm regions cannot be explained by the feedback effect,
at least at the current spatial scale.
Keywords: galaxies: individual (M83 or NGC 5236) – galaxies: structure – ISM: molecules
1. INTRODUCTION
The evolution of interstellar medium (ISM) in galactic
disks is intimately related to star formation and galaxy
evolution. In external face-on galaxies, compared to
Milky Way (MW), it is easier to investigate ISM con-
ditions and their evolution while rotating in the disk.
Recent observations have reported that ISM conditions
depend on associated galactic structures, such as spiral
arms and bars. For example, massive clouds tend to
reside in spiral arms (Koda et al. 2009; Colombo et al.
2014), suggesting that spiral arms play an important
role to form massive clouds that are plausible precur-
sors of massive star clusters. Line ratios have also
been found to be different among disk structures (e.g.
Koda et al. 2012; Tosaki et al. 2017), representing dif-
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ferent physical conditions. High resolution observations
revealed ISM evolution within spiral arms (Egusa et al.
2011; Hirota et al. 2011), clouds at the downstream side
of spiral arms being more massive and star-forming.
In bar regions, molecular gas is concentrated in ridges
and bar edges (e.g. Sheth et al. 2002) but star for-
mation efficiency is relatively low especially in ridges
(e.g. Momose et al. 2010; Sorai et al. 2012; Pan & Kuno
2017). Recent numerical calculations have also sug-
gested that ISM conditions depend on dynamical en-
vironments (e.g. Fujimoto et al. 2014b; Nguyen et al.
2017).
Many of studies mentioned above defined clouds using
cloud identifying algorithms. One caveat of such algo-
rithms is that they tend to identify structures whose
size is similar to an angular resolution. As a result, a
dynamic range of cloud size is rather small. In addi-
tion, recent numerical simulations suggest that molec-
ular clouds are not isolated and discrete structures but
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are part of continuous fluid (e.g. Dobbs & Pringle 2013).
For example, Colombo et al. (2014) identified > 1500
clouds in the nearby spiral galaxy M51 from a CO(1–0)
data set at 40 pc resolution and most of the clouds have
a radius between 20 pc and 100 pc (i.e. the dynamic
range is ∼ 1 dex, their Figure 8). They also calculated
the mass in the clouds to be about half of the total mass.
The cloud analysis cannot take into account such gas
outside identified clouds whose mass can be comparable
to that inside the clouds.
Another and complementary way of measuring ISM
properties is to use a probability distribution function
(PDF), which is a normalized histogram of a physical
parameter or an observed quantity. Advantages of PDF
analysis are that it is free of any biases due to cloud iden-
tification and that it includes ISM components which
would not be included in identified clouds.
For Milky Way (MW) molecular clouds, the PDF
of gas column density has been used to investigate
their star-forming conditions. Kainulainen et al. (2009)
created gas column density PDFs based on NIR ex-
tinction maps and found that those for star-forming
clouds show a power-law (PL) like tail while those for
quiescent clouds show a log-normal (LN) profile. Such
different PDF profiles have been interpreted as dif-
ferent ISM conditions – LN for turbulence-dominated
clouds (e.g. Nordlund & Padoan 1999) and PL for
self-gravity-dominated clouds (e.g. Kritsuk et al. 2011;
Girichidis et al. 2014) or clouds with high density con-
trast (Elmegreen 2011). Brunt (2015) claimed that the
tail can be explained as a part of a wide LN profile
which corresponds to a cold gas component.
Brightness distribution function (BDF) introduced
by Sawada et al. (2012b) is a PDF of CO bright-
ness temperature. Together with their following study
(Sawada et al. 2012a), they found that BDFs for spiral
arms in MW tend to show a bright-end tail compared to
interarm regions. Meanwhile, Rathborne et al. (2014)
presented that a cloud close to the MW center shows
a PDF peaking at a higher density compared to clouds
in the solar neighborhood. The PDF peak corresponds
to a mean density and the authors attributed this dif-
ference to high-pressure environments around the MW
center.
For external galaxies, Hughes et al. (2013) created
PDFs for galactic structures of M51 from CO(1–0) data
at ∼ 40 pc scale and found different PDF shapes among
the structures. The difference is more clearly seen in
PDFs of the integrated CO intensity in the sense that
center and arm PDFs are wider and deviate from LN
profiles while interarm PDFs are narrower and close to
LN profiles. Interestingly, PDFs for the center and arm
where star formation is relatively active appear to be
truncated rather than extended. They interpreted this
truncation as a feedback effect. They also claimed that
the narrow LN profiles in the interarm are a sign of tur-
bulence dominated ISM. Druard et al. (2014) created a
PDF at ∼ 50 pc scale for M33 based on CO(2–1) inte-
grated intensity and found that its shape positively de-
viates from the LN profile at N(H2) > 2×10
21 H2/cm
2.
They attributed this bright-end excess to self-gravity,
although the threshold column density is low (compara-
ble to the nominal 3σ limit of M51 data by Hughes et al.
(2013)). We should note here that spatial resolutions of
these studies are much larger than those of MW studies.
Thus, a direct comparison of MW and these studies is
not straightforward.
Hughes et al. (2013) also investigated how data qual-
ity (i.e. resolution and sensitivity) and technique to cre-
ate integrated intensity maps affect PDF shapes. Their
results suggest that the high spatial resolution is impor-
tant to investigate bright-end profiles. The importance
of spatial resolution is also pointed out by numerical
simulations in Wada & Norman (2007). Consistently,
Berkhuijsen & Fletcher (2015) found that PDFs of gas
surface densities for M31 and M51 at ∼ 300 pc scale
are well fitted by LN profiles. Ossenkopf-Okada et al.
(2016) investigated how observing conditions affect PDF
shapes. In particular, they presented that interfero-
metric observations should distort overall PDF shapes,
i.e. their faint-end profile, peak position, and bright-end
profile. To minimize the distortion, a dense uv sampling
especially at low spatial frequencies is necessary. Given
this dependency, we compare PDF profiles only within
a galaxy and do not directly compare the results with
other galaxies.
In this paper, we present CO PDFs for the nearby
(D = 4.5 Mpc; Thim et al. 2003) face-on (inclina-
tion angle = 24◦; Comte 1981) barred spiral (SAB(s)c;
de Vaucouleurs et al. 1991) galaxy M83 (or NGC 5236).
Its proximity and disk orientation are well suited to
study ISM properties and their relationship to disk
structures. We find that PDFs differ significantly among
the galactic structures and discuss the origin of this dif-
ference. Stellar feedback effects on PDF profiles are also
investigated. This is a complementary study to Hirota
et al. (submitted, hereafter paper I), which investigates
cloud properties based on the same data set.
2. OBSERVATIONS AND DATA REDUCTION
The rotational transitions of CO are the most widely
used tracers of molecular gas, and their integrated in-
tensities have been used to estimate the column den-
sity of molecular hydrogen (e.g. Young & Scoville 1991;
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Bolatto et al. 2013). We have mapped a central disk
area of M83 in the 12CO(1–0) emission using Atacama
Large Millimeter/submillimeter Array (ALMA) and the
Nobeyama 45m telescope (NRO45m). A detail of obser-
vations and data reduction will be in paper I, and we
provide a summary here.
2.1. ALMA observations
The data have been obtained for the Cycle 0 project
2011.0.00772.S, and consist of two Execution Blocks
(EBs) with a compact configuration and three EBs with
an extended configuration. The field of view (FoV) is
about 2.6′ × 2.6′ with 45 mosaic pointings, which in-
cludes the galactic center, a northern part of the bar,
and a spiral arm.
2.2. Nobeyama 45m observations
The NRO45m observations were carried out using the
on-the-fly mode with the T100 receiver and SAM45
spectrometers. The entire FoV includes the ALMA FoV.
2.3. Data combination
In order to combine the ALMA and NRO45m data,
the NRO45m map is first converted to a uv data set.
Then, the two uv data sets from ALMA and NRO45m
are Fourier-transformed and deconvolved together.
The synthesized beam is 2.0′′ × 1.1′′ in full width at
half maximum. At the distance of M83, this corresponds
to 45 pc × 24 pc. We adopt a 1σ sensitivity of each
channel to be 8.0 mJy/beam or 0.33 K with a channel
width of 2.6 km/s. The pixel size is set to be 0.25′′.
The moment 0 (i.e. integrated intensity; ICO) and
moment 2 (i.e. velocity dispersion; σV ) maps are cre-
ated by applying the mask that includes all the pixels
with S/N ≥ 4 and those with S/N ≥ 2 and morpholog-
ically connected to the former pixels. The noise map
is not uniform according to the primary beam pattern
and to different observing conditions (e.g. integration
time) between mosaic pointings. A typical 1σ sensitiv-
ity of the integrated intensity map is estimated to be 47
mJy/beam km/s or 1.8 K km/s. Assuming the Galactic
conversion factor, XCO = 2 × 10
20 H2/cm
2/(K km/s)
(Dame et al. 2001), this sensitivity corresponds to Σ =
3.6× 1020 H2/cm
2 or 5.8 M⊙/pc
2. Note that this is not
corrected for inclination.
3. CO PDFS
In this section, we present PDFs of the integrated in-
tensity (ICO), the peak temperature (Tpeak), and the
velocity dispersion (σV ), and discuss their profiles ac-
cording to disk structures (§3.1) and to stellar feedback
(§3.2). Note that σV is not corrected for the galactic ro-
tation and beam smearing. As described in Appendix,
these effects do not affect the following results and dis-
cussions.
3.1. Disk structures
According to the Fourier analysis ofKs-band image by
Hirota et al. (2014, hereafter H14), we define the radial
range of the bar to be r = 20′′–85′′. This is the region
where non-circular motions are clearly seen in a position-
velocity diagram (their Figure 7). The semi-minor axis
of the bar is set to be 46′′ based on an ellipse fitting
to the same Ks-band image. A region outside the bar,
mostly consists of a spiral arm, is called an arm region.
A region inside the bar is called a center region. The
center and bar regions are indicated by dots-dashed and
dashed lines in Figure 1 (left), respectively. The defini-
tion in this paper is different and more simple compared
to that of paper I, for the sake of better statistics espe-
cially for PDF profiles at the bright end.
3.1.1. ICO PDF
The ICO map and its PDF for each of the three regions
are presented in Figure 1. Peak positions of bar and
arm PDFs are similar (10–30 K km/s), while that for
center is an order of magnitude higher. This difference
in peak position is similar to what is found for MW
clouds (Rathborne et al. 2014). We have confirmed that
this general trend holds when the outer boundary of the
center region is changed to r = 10′′ or 30′′.
The arm PDF is likely LN or at least without a clear
PL tail. Its shape as well as the dynamic range of gas
surface density are similar to those of spiral arms in M51
derived by Hughes et al. (2013). In the rightmost panel
of Figure 1, an LN function fitted to the arm PDF above
3σ (the gray dot-dashed vertical line) is presented by the
black dotted line. The arm PDF appears to be slightly
truncated at the bright end, but the fit result highly
depends on the range used for the fit. Furthermore, as
already mentioned in §1, Ossenkopf-Okada et al. (2016)
presented that PDF profiles are highly sensitive to the
data quality – not only the sensitivity but also the uv
coverage. In this study, we thus use this LN profile only
for the purpose of guiding the eye, and do not compare
the shape of profiles with other studies.
On the other hand, PDFs for the center and bar re-
gions extend to higher densities compared to the arm
PDF. The center PDF appears to have two peaks, while
the bar PDF exhibits a PL like tail at the bright end
(ICO & 100 K km/s). The excess is also clear when
compared to the LN profile (Figure 1 (right)). As
seen in Figure 1 (left), such bright emission comes from
the molecular ridges close to the center region and not
so much gas concentration is found in the northern bar
end. This is consistent with previous CO observations
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of M83, where gas concentration is found only at the
southern bar end (H14), which is not covered by the
current FoV.
From PDF studies of MW clouds, a column density
PDF with a bright-end tail has been regarded as a sign
of star formation (Kainulainen et al. 2009). However,
star formation efficiency (SFE = star formation rate /
(molecular) gas mass) in the bar of M83 is lower than
that in the arms (H14). One reason for this difference
would be the difference in spatial scales. While MW
studies discuss PDF profiles at pc scale within a cloud,
M83 PDFs in this paper are at 40 pc scale, which is
comparable to a typical MW cloud size. Results pre-
sented here indicate that at this scale, an existence of a
bright-end tail of an ICO PDF is not always the sign of
active star formation. In the following subsections, we
further discuss possible explanations for this finding.
3.1.2. Tpeak and σV PDF
In order to investigate the reason for the difference
in ICO PDFs between the bar and arm regions, we
create PDFs of other observed properties. Figure 2
presents the Tpeak map and its PDFs, while Figure 3
presents those for σV . While Tpeak PDFs do not dif-
fer between the bar and arm regions, the σV PDF for
the bar is shifted to the right-hand side of that for the
arm. In M51, Hughes et al. (2013) found a similar trend
that their brightness temperature PDFs are more sim-
ilar between structures compared to ICO PDFs. Since
ICO ∼ Tpeak × σV , this large velocity dispersion in the
bar region likely results in the bright-end tail of the ICO
PDF. A reason for this large velocity dispersion would
be one or combination of large shear motions within the
bar, large random motions within a cloud, and overlaps
or collisions of clouds at different velocities. The sec-
ond point is supported by large velocity dispersions of
molecular clouds in the bar presented in paper I. A more
detailed discussion on how these dynamic properties of
molecular gas are related to star formation activities is
given in §4.
For the center region, both Tpeak and σV show differ-
ent PDF profiles compared to the other regions. The
excess in the ICO PDF comes from both high Tpeak and
large σV . Such high Tpeak and large σV are also observed
in individual clouds identified in paper I. The high Tpeak
is a sign of high gas temperature due to the circumnu-
clear starburst (e.g. Knapen et al. 2010; Wofford et al.
2011) and/or a large filling factor. The large σV comes
from either large streaming motions or highly turbulent
clouds.
3.2. Stellar feedback
Another explanation for the different ICO PDFs is
that the arm PDF is truncated due to the effect of stel-
lar feedback such as radiation pressure, photoionization,
and supernova explosion (Hopkins et al. 2012). Such
stellar feedback mechanisms can preferentially destroy
dense gas around young stars, and thus truncate den-
sity PDFs at the bright end.
In order to investigate the feedback effect on PDF
profiles, we have defined “feedback area” to be within
2′′ from known young star clusters, HII regions, or
supernova remnants (SNRs), where stronger feedback
is expected. The catalogs we use in this paper are
Whitmore et al. (2011) for young star clusters (their
categories 3, 4a, and 4b only), H14 for bright HII re-
gions (sources with L(Hα) > 1037.6 erg/s only), and
Dopita et al. (2010) and Blair et al. (2012, 2014) for
SNR candidates. We have confirmed that > 90% of
sources within our FoV have radius < 2′′. The defined
feedback area are indicated by circles in the left panel
of Figure 4.
3.2.1. ICO PDF
PDFs for feedback and non-feedback area are pre-
sented in the right panel of Figure 4. Since we are in-
terested in difference between bar and arm regions, the
center region (enclosed by a dots-dashed line in the left
panel of Figure 4) is excluded. Contrary to the theoreti-
cal expectation, the bright-end slopes of these two PDFs
are not significantly different. Based on numerical sim-
ulations by Hopkins et al. (2012), we fit each PDF at
Σ > 103 M⊙/pc
2 = 6 × 1022 H2/cm
2 with a line. The
fit is performed in the log-log space using the least chi-
square method. Although the number of data points
that exceed this gas density limit is small, slopes of the
two fitted lines (solid cyan lines in Figure 4) are con-
sistent within errors. We thus deduce that at least at
this spatial scale (i.e., ∼ 40 pc in radius) the feedback
effect is not dominant in shaping the bright-end profiles
of ICO PDFs.
We have also tried different definition of radius (r = 1′′
and 3′′) for the feedback area. For the former case,
the bright-end slope is steeper for the feedback area
than that for the non-feedback area. However, the feed-
back PDF has only two data points above the threshold,
which results in failure of deriving errors. For the latter
case, the slope is shallower for the feedback area than
that for the non-feedback area. A naive interpretation
of this result is that stellar feedback reduces the amount
of dense gas within 20 pc and increases it at 60 pc away
from the source. The former is consistent with the gen-
eral understanding that stellar feedback effect should be
larger when closer to the source. The latter may indicate
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Figure 1. Left: The ICO map of M83 from ALMA+NRO45m observations. The coordinates are Right Ascension and Declination
in ICRS. The outer boundary of center and bar regions are indicated by 3dots-dashed and dashed lines, respectively. Middle:
The ICO PDFs for the center (green 3dots-dashed), bar (red solid), and arm (blue dashed) regions. The black solid line is the
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Figure 2. Same as Figure 1, but for Tpeak. The vertical gray dot-dashed line indicates the 3σ of channel maps in K.
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Figure 3. Same as Figure 1, but for σV . The vertical gray dot-dashed line is the channel width (2.6 km/s).
6 Egusa et al.
the positive feedback effect, in which the swept-out gas
forms the next generation stars (e.g. Deharveng et al.
2010). However, this could also be due to the bias that
the sources are mostly around the spiral arm where the
gas density is generally high. For further discussion, CO
data at a higher spatial resolution (< 10 pc considering
the size distribution of feedback sources) are essential.
3.2.2. Tpeak and σV PDF
One thing we should note here that PDFs in the sim-
ulations are for the gas column density Σ while PDFs
from observations are for the ICO. Although XCO is
often assumed to be constant within a galaxy, it could
vary especially at smaller scales. For example, gas in the
feedback area can be heated, which results in brighter
CO emission. In addition, the stellar feedback may ac-
celerate gas, which results in larger velocity dispersion.
Such positive feedback effects can compensate the neg-
ative effect suggested by the simulations.
In Figures 5 and 6, PDFs of Tpeak and σV for the
feedback and non-feedback area are presented. While
difference in the σV PDFs is not clear, the Tpeak PDF
for the feedback area is shallower than that for the non-
feedback area. This indicates that an increase of σV
due to feedback is not evident at the current definition
(r = 2′′), and that gas in the feedback area tends to
be warmer and/or a filling factor is larger. The former
further suggests that the large σV in the bar is not due
to stellar feedback. To investigate the cause of difference
in Tpeak PDF profiles, gas temperature and density need
to be measured. This requires multi-transition data sets
at the same resolution that will be presented in a future
paper.
4. MOLECULAR GAS IN M83 BAR
From the PDF analysis described above, we find the
ICO tail in the bar of M83. While such a tail has been
regarded as a sign of active star formation in MW stud-
ies, SFE in the bar of M83 is lower than in the arm.
We also find a similar tail for σV in the bar and de-
duce that this large σV is a major driver for the ICO
tail. Meanwhile, at least at the current spatial scale,
stellar feedback does not affect ICO and σV PDFs. This
suggests that the large σV in the bar is not due to feed-
back. It is rather likely that the large σV suppresses star
formation in the bar.
There are several other studies suggesting an explana-
tion for low SFE in bars from a dynamical point of view.
Based on a large velocity gradient analysis of molecu-
lar clouds in Maffei 2, Sorai et al. (2012) suggested that
clouds in the bar region are likely unbound and that the
XCO factor can be a factor of 2 smaller than that in the
arm region. If this is also the case for M83, the Σ PDF
for the bar would not have a clear excess compared to
that for the arm, as the current excess in ICO is ∼ 0.5
dex, i.e., a factor of ∼ 3. Meidt et al. (2013) presented
that a radial area with large streaming motions is asso-
ciated with low SFEs in a spiral galaxy M51. They in-
terpreted this result that shearing motions can stabilize
molecular clouds. These studies support the idea that
individual clouds are under a condition which is unlikely
to form stars. From a 2D hydrodynamical simulation for
M83, Nimori et al. (2013) found that clouds in the bar
are more virialized and SFE should be ∼ 60% less in the
bar compared to the arm. On the other hand, based
on a more recent 3D simulation, Fujimoto et al. (2014a)
proposed a scenario that suppressed star formation can
be explained by high speed cloud-cloud collisions.
Since these studies focus on molecular clouds, we here
briefly summarize cloud properties derived in paper I.
Note again that region definitions are not identical.
Compared to clouds in the arm, those in the bar are typ-
ically larger (radius of 76+55
−16 pc for the bar and 62
+20
−14
pc for the arm), with higher Tpeak (5.2
+2.4
−0.9 K for the bar
and 3.8+1.0
−1.1 K for the arm), with larger σV (18.7
+17.1
−4.5
km/s for the bar and 11.9+3.5
−2.9 km/s for the arm), and
with larger virial parameter (1.6+2.1
−0.5 for the bar and
1.0+0.5
−0.4 for the arm). This result is consistent with
the idea that cloud property itself is against star forma-
tion. However, there is a possibility that large clouds
with large velocity dispersion are a result of cloud-cloud
collisions. Furthermore, the differences of the above pa-
rameters between the bar and arm are rather small and
comparable to their dispersions. For further discussion,
again, gas density needs to be derived more accurately
without assuming a constant conversion factor.
5. SUMMARY
Based on ALMA and NRO45m observations toward
M83 in CO(1–0) at 40 pc scale, we create PDFs of ICO,
Tpeak, and σV . This work is complementary to paper
I, which identifies molecular clouds based on the same
data set and investigates their properties.
We first investigate PDF profiles according to the
galactic structure, i.e. center, bar, and arm. The ICO
PDF for the bar shows an excess or tail at the bright
end (ICO & 100 K km/s) compared to that for the
arm. From PDF studies of MW molecular clouds, such
a bright-end tail is often interpreted as a sign of self-
gravity and/or star formation. However, SFE in M83
bar is lower than in arms. The σV PDF for the bar also
shows an excess at σV & 10 km/s, suggesting that this
large velocity dispersion in the bar is a major cause of
the ICO tail and low SFE. This result indicates that at
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least at 40 pc scale the ICO tail is not always a sign of
active star formation.
We also investigate if stellar feedback affects PDF pro-
files. A feedback area and non-feedback area are defined
according to catalogs of HII regions, young star clusters,
and SNRs. The radius of the feedback area is set to be
2′′ (∼ 40 pc). While the Tpeak PDF is shallower for the
feedback area, σV and ICO PDFs do not differ signifi-
cantly between the two areas. We thus conclude that at
least at 40 pc scale the feedback effect does not explain
the different PDFs between bar and arm regions.
These results suggest that the large-scale disk struc-
tures affect PDFs of σV and thus of ICO while the small-
scale feedback affects the Tpeak PDF.
We appreciate careful reading and suggestions by
a referee that have improved our manuscript.
This paper makes use of the following ALMA data:
ADS/JAO.ALMA#2011.0.00772.S. ALMA is a part-
nership of ESO (representing its member states),
NSF (USA) and NINS (Japan), together with NRC
(Canada), NSC and ASIAA (Taiwan), and KASI (Re-
public of Korea), in cooperation with the Republic of
Chile. The Joint ALMA Observatory is operated by
ESO, AUI/NRAO and NAOJ. The Nobeyama 45-m
radio telescope is operated by Nobeyama Radio Obser-
vatory, a branch of National Astronomical Observatory
of Japan.
Facilities: ALMA, Nobeyama 45m Telescope
APPENDIX
As mentioned in §3, σV (moment 2 of the CO cube) is not corrected for the galactic rotation and beam smearing. In
order to estimate their effect on σV PDF profiles, we have generated a model cube assuming that the disk is super-thin
and uniform. The model rotation curve in Figure 21 of H14 and the disk orientation parameters in their Table 1 have
been adopted. The model cube has been smoothed with the synthesized beam mentioned in §2.3, and then converted
to a moment 2 map. We have found that the model velocity dispersion is at most 4.3 km/s and generally decreases
with radius. As a result, differences between observed σV and model-subtracted σV are visible only when σV is smaller
than the channel width (2.6 km/s). Since we mostly focus on high-end (σV & 10 km/s) profiles of σV PDFs for the
bar and arm regions, the effect of the galactic rotation and beam smearing does not change our conclusions. Even for
the center region, the effect only appears on the low-end profile.
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